chronic kidney disease; bFGF; renal recovery CHRONIC KIDNEY DISEASE (CKD) is a clinical condition that results in the progressive loss of kidney function to a terminal stage (18). Independent of its multiple etiologies, the disease concludes with similar morphological characteristics, namely, tubular fibrosis and glomerular sclerosis. Both conditions induce the progressive destruction of nephrons and irreversible kidney function failure.
CKD is a worldwide public health problem, due to its continuous increase in prevalence and incidence (9) , the high cost of its treatment, and poor prognosis for patients. Many therapies have been developed in an attempt to reduce the progression of tissue damage in CKD, such as angiotensin I-converting enzyme inhibitors and angiotensin II receptor antagonists (14, 31, 33, 38, 43) . Nonetheless, they have not shown significant improvements in glomerular filtration rates (GFR) or tubular function that could prevent the end stage of renal disease (ESRD) (33) . Thus research for new alternative treatments in CKD is one of the primary concerns in nephrology.
Acute renal failure (ARF), contrary to CKD, has a regeneration phase (3) , characterized by increases in GFR, decreases in serum creatinine levels, and the recovery of the damaged tissue (45) . Our results, obtained from the regeneration phase of ischemic ARF suggest that the expression of repairing proteins involved in renal epithelium and tubule formation during renal development are potentially essential for the regeneration process (49) . These proteins include mesenchymal factors [i.e., neural cell adhesion molecules (Ncam) (1), Wilms' tumor 1 (WT-1) (54) , and vimentin (55)]; epithelial proteins [i.e., paired homeobox-2 (Pax-2) (41), basic fibroblast growth factor (bFGF) (20) , and zona occludens-1 (ZO-1);] and tubular proteins [i.e., Lim-1, Wnt-4 and Engrailed (34) ]. This group also includes bone morphogenic protein-7 (BMP-7) (12), its antagonist Noggin (5, 50) , and the Smad transcription factors (24) .
A second group of proteins involved in the formation of renal vasculature that are reexpressed after renal damage consist of angiogenic factors. One of them is the vascular endothelial growth factor (VEGF), which is essential in endothelial and glomerular development (4) . Its expression is maintained in the adult kidney at the glomeruli, where it preserves the glomerular filtration barrier. Recent studies have shown that VEGF has a protective role against glomerular damage (21) , and its expression has been correlated with the degree of glomerular sclerosis (30) . Another angiogenic protein, namely, the angiopoietin receptor Tie-2, is known to be expressed in late mature stages of the mouse metanephros, when interstitial and glomerular capillaries begin to form. It has been observed to play a crucial role in maintaining vascular integrity (23, 35) and in the regeneration phase of ARF (49) .
bFGF is a protein secreted by the ureteric bud, and it is necessary for the induction of cellular aggregation (20, 24) . The main effects of bFGF are inhibition of apoptosis (2) , stimulation of epithelial condensation, and maintenance of WT-1 synthesis (a transcription factor that induces the transformation of mesenchymal cells into metanephric tissue) (25) . bFGF is not present in tubular cells in adult kidneys, but it is reexpressed in response to damage induced by ARF (49) . Moreover, bFGF can induce the expression of repairing pro-teins and accelerate the tissue repair process when it is exogenously added (48) or, on the contrary, renal damage could be prolonged when it is inhibited (47) . In the latter case, kidney cells could be induced to an undifferentiated state, where their mitotic capabilities could be recovered. In addition, it has been reported that bFGF improves the proliferation rate of kidney cells, maintaining potential differentiation in mesenchymal stem cells (MSC) in vitro (8) . Based on this, we studied additional effects of bFGF on renal stem cells (SC).
Our hypothesis sustains the idea that bFGF can induce kidney cells to reexpress repairing factors in CKD. This treatment should delay the damage progression caused by CKD. We performed a structural and functional analysis after bFGF injection in rats subjected to 5 ⁄6 nephrectomy (NPX) so as to relate the presence of repairing proteins with the progression of CKD.
MATERIALS AND METHODS
Animals. Adult male Sprague-Dawley rats (220 -250 g, n ϭ 7/group) were housed in a 12:12-h light-dark cycle and maintained at the University of Los Andes animal care facilities. Food and water were supplied ad libitum. The treated (NPX with bFGF injection) and control (NPX with saline) animals were weighed at the beginning and end of each experiment. All experimental procedures were in accordance with institutional and international standards for the humane care and use of laboratory animals (Animal Welfare Assurance Publication A5427-01, Office for Protection from Research Risks, Division of Animal Welfare, National Institutes of Health).
NPX and treatment with bFGF. We used an established model of chronic damage that resembles the structural and functional changes that take place in CKD (13) . The animals were anesthetized with ketamine:xylazine (25:2.5 mg/kg ip). The left kidney was exposed by a retroabdominal incision, and renal irrigation was reduced by clamping two branches of the renal artery. Then, the incisions were sutured in the muscular layer and skin. Rats were allowed to recover in a warm room with water and food ad libitum. After 1 wk, another incision was made and the right kidney was removed. At this moment, a single dose of bFGF (30 g/kg; 233-FB-025, R&D System) (46, 48) in a total volume of 200 l was injected into the renal arteries of the remaining kidneys of the animals in the treated group. Saline (NPXϩS) was injected into the kidneys of animals in the control group. Rats were euthanized under anesthesia (ketamine:xylazine) 35 days after the last surgery, and the remaining kidneys were removed and processed for Western blotting (WB) and immunohistochemistry (IHC) analyses.
Determination of functional and tissue damage. As described before (49) , functional damage was analyzed based on serum creatinine levels (Beckman creatinine analyzer 2). At the moment of death, blood samples were obtained from the inferior cava vein. Histological damage was evaluated through periodic acid-Schiff (PAS) staining and by immunolocalization of macrophages (ED-1) and interstitial ␣-smooth muscle actin (␣-SMA), which were used as markers of tissue damage. Total collagen content was detected by staining with Sirius red.
Kidney interstitial injury was graded (0 -5) in a blinded manner on the basis of tubular dilation and protein casts as follows: 0, no changes present; grade 1, 10% changes present; grade 2, 10 -25% involvement; grade 3, 25-50%; grade 4, 50 -75%; and grade 5, 75-100%. For each biopsy, the entire cortical and outer medullary regions were evaluated (15-30 fields of 1 mm 2 ), and a mean score per biopsy was calculated.
Tissue processing and immunohistochemical analysis. Immunohistochemical studies in Paraplast-embedded sections were performed as previously described (47) (48) (49) 51) . Immunolocalization studies were performed by using an indirect immunoperoxidase technique (51).
Briefly, tissue sections were incubated with primary antibody overnight at room temperature, followed by incubation with the corresponding secondary antibody and the peroxidase-antiperoxidase complex. Peroxidase activity was detected by incubation with 0.1% (wt/vol) 3,3=-diaminobenzidine and 0.03% (vol/vol) hydrogen peroxide. For some specific antibodies, immunoreactivity was revealed by using a secondary antibody conjugated to alkaline phosphatase in the presence of nitro-blue tetrazolium/5-bromo-4-chloro-3-indolyl-phosphate (NBT:BCIP, 4.5:3.5 l/ml) in buffer (Tris 100 mM; pH 9.5). Controls for the immunostaining procedure were prepared by omitting the first antibody and replacing it with normal or preimmune serum of the same species (52) .
Each immunoreactive area per field was determined by image analysis using Simple PCI software from Compix Imaging Systems (Cranberry Township, PA). Total immunostained (brown) cells were averaged and expressed as the average absolute values or the average percentage of each stained cell area per field as previously described (52) with minor modifications.
Antibodies and chemicals. The primary antibodies that were used were the same antibodies recently used by us (47) (48) (49) , namely, monoclonal antibodies against Lim 1ϩ2 (clone 4F2), vimentin (clone 40E-C), and Ncam (clone 5B8). They were obtained from the Developmental Studies Hybridoma Bank, developed under the sponsorship of the Eunice Kennedy Shriver National Institute of Child Health and Human Development and maintained by the Department of Biological Sciences at the University of Iowa (Iowa City, IA). Goat polyclonal antibodies against Pax-2, BMP-7, Smads 1-5-8, Smads 2-3, as well as rabbit polyclonal antibodies against Tie-2, bFGF, and the monoclonal antibody against VEGF (clone C-1) were provided by Santa Cruz Biotechnology (Santa Cruz, CA). The presence of SC was determined by measuring protein expression of Oct-4 from Santa Cruz Biotechnology. Monoclonal antibodies against macrophages (clone ED-1) were obtained from Biosource (Camarillo, CA), ␣-SMA (clone 1A4) was from Sigma-Aldrich (St. Louis, MO), and the monoclonal antibody against Noggin was a gift from Dr. R. Harland. The presence of SC was determined using an anti-Oct-4 (octamer-binding protein-4) antibody (Santa Cruz Biotechnology) and an anti-CD73 antibody (R&D Systems). The monoclonal antibody against hypoxia-induced factor 1␣ (HIF-1␣; clone H1␣67) was provided by Novus Biological (Littleton, CO). Finally, the polyclonal antibody against ␣-tubulin (11H10) was obtained from Cell Signaling (Boston, MA).
Secondary antibodies and the corresponding peroxidase-antiperoxidase complexes were purchased from MP Biomedicals, (Aurora, OH). Triton X-100, DAB, NBT:BCIP, carrageenan, Tris·HCl, hydrogen peroxide, phosphate salts, and other chemicals were purchased from Sigma-Aldrich.
IB. Whole kidney sections (ϳ1 mm thick) were homogenized, and protein concentration was determined as previously described (49) . WB was performed as we described previously (47) (48) (49) . For SDS-PAGE, proteins were mixed with sample buffer (100 mM Tris·HCl, pH 6.8, 200 mM dithiothreitol, 4% SDS, 0.2% bromophenol blue, 20% glycerol), transferred to nitrocellulose membranes, and blocked as previously described (49) . After blocking, membranes were probed with the corresponding antibody, washed with Tris-buffered saline and Tween 20 (TBS-T), and incubated with horseradish peroxidase (HRP) conjugated to the secondary antibody for 1 h at room temperature. Immunoreactivity was detected by using the enhanced chemiluminescence technique with reagents obtained from PerkinElmer Life Sciences (Boston, MA).
Blots were scanned, and densitometric analysis was performed by using the public domain National Institutes of Health Image program v1.61 (US NIH, http://rsb.info.nih.gov/nih-image). Expression of ␣-tubulin was used to correct for variation in sample loading.
Detection and quantification of renal cell apoptosis by in situ end labeling of fragmented DNA (terminal transferase-dUTP-nick-end labeling method) and caspase-3 detection.
Apoptotic cells in kidney tissue slices were visualized using an Apop Tag Fluorescein In Situ Apoptosis Detection Kit by means of the indirect terminal transferasedUTP-nick-end labeling (TUNEL) method from Chemicon (Temecula, CA), following the manufacturer's protocol. Paraffin-embedded tissue sections were dewaxed, rehydrated, and permeabilized with proteinase K (20 g/ml) for 15 min, incubated with equilibration buffer for 5 min, and with tdt enzyme for 60 min. The reaction was finished with a 10-min stop/wash buffer. Sections were incubated with an anti-digoxigenin conjugate for 30 min at room temperature, washed in PBS, and blocked with PBS/BSA for 60 min, after which they were incubated with an anti-caspase-3 antibody acquired from Promega (Madison, WI) at 4°C for 12 h. The sections were incubated with a green fluophore (Alexa 488) polymer conjugated to goat anti-rabbit Ig, which was obtained from Molecular Probes (Eugene, OR). Immunoreactive fluorescein was visualized by using VECTASHIELDSϩ DAPI (catalog no. H-1200, Vector Laboratories, Burlingame, CA) as the substrate to stain nuclei, and adding 1 drop of anti-Fade solution (i.e., catalog no. S7461, Molecular Probes). Fluorescence was viewed by microscopy with appropriate excitation and emission filters.
Statistical analysis. Differences were assessed with the nonparametric Mann-Whitney U-test for pairwise comparisons when overall significance was detected. The significance level was P Ͻ 0.05. The analysis in Table 1 was done by using Student's t-test, with a significance level of P Ͻ 0.05.
RESULTS
Determination of functional damage. Functional damage induced by NPX was verified based on serum creatinine levels. Nephrectomized rats treated with saline solution (NPXϩS) had higher serum creatinine levels (1.03 Ϯ 0.15 mg/dl) after 35 days of nephrectomy. Interestingly, serum creatinine values observed in NPX animals treated with bFGF (NPXϩbFGF) significantly decreased when measured 35 days after injections (0.46 Ϯ 0.16 mg/dl; P Ͻ 0.05).
Determination of tissue damage. Histological tissue damage was evaluated by PAS staining and by the presence of renal damage markers (ED-1 and ␣-SMA) and the fibrosis marker Sirius red in kidney sections analyzed 35 days after nephrectomy. Sections from NPXϩS kidneys showed morphological alterations that are characteristic of chronic damage, such as loss of brush border, flattening of the epithelia, presence of tubular detritus, and a large quantity of dilated tubules (Fig. 1A) . NPXϩbFGF kidneys showed conserved morphologies, but with important amounts of cellular mitosis (Fig. 1E) .
Additionally, these parameters were quantified, based on the levels of dilated tubules (DTs), protein casts (PCs), macrophage abundance (ED-1), interstitial ␣-SMA, and Sirius red. The quantifications of these parameters are shown in Table 1 .
Increases in the presence of macrophages ED-1 (5.98 Ϯ 0.32
, and Sirius red (12.78 Ϯ 0.62 m 2 ) were observed in NPXϩS animals 35 days postnephrectomy (Fig. 1, B-D (Fig. 1, F-H) , indicating lower degrees of damage in this condition (P Ͻ 0.05). Immunostaining controls were made by omitting the first antibody and replacing it with normal or preimmune serum of the same species (52), in which cases positive staining was not observed (data not shown). Fig. 1 . Morphological damage in kidneys from rats after 5 ⁄6 nephrectomy (NPX). Immunohistochemistry was performed in kidney samples collected 35 days after NPX (n ϭ 7/NPX group) injected with saline (S; A-D) or with basic fibroblast growth factor (bFGF; E-H). The tissue damage was evaluated by periodic acid-Schiff (PAS) staining (A and E; inset indicates cells in mitosis); renal damage markers such as ED-1 for detecting the presence of macrophages (B and F), or ␣-smooth muscle actin (SMA) for detecting the presence of myofibroblasts (C and G). Fibrosis was evaluated by Sirius red staining (D and H). Staining for ED-1 and ␣-SMA was performed using peroxidase and was revealed with diaminobenzidine (DAB; brown color reaction). Scale bar ϭ 100 m.
Detection of angiogenic markers HIF-1␣, VEGF, and Tie-2 in kidneys during CKD. Nuclear transcription factor HIF-1␣ was higher in the remaining kidney of NPX animals treated with bFGF compared with NPX animals 35 days after surgery, as observed by Western blotting and immunohistochemistry ( Figs. 2A and 3 , A and B) (P Ͻ 0.05). Staining for this factor was observed mainly in the papillary collecting tubules, thick ascending limbs, and proximal tubular cells, localized mainly in the renal inner and outer medulla, as described previously, and was not modified by treatment with bFGF (48, 49) . Immunostaining controls were made by omitting the first antibody and replacing it with normal or preimmune serum from the same species (52), in which cases positive staining was not observed (data not shown).
VEGF and Tie-2 are markers induced by hypoxia, which promote the expression of angiogenic factors. In this study, we observed lower levels of both proteins analyzed by WB in NPXϩS kidneys [ (Fig. 2, B and  C) . These results were verified by IHQ (Fig. 3 , C and D and E and F). Both proteins were localized in proximal tubule cells, from the outer medulla, as described previously, without modifications in localization after treatment (4, 21, 23) . (Fig. 4, A-C) .
These results were confirmed by IHC for bFGF and Pax-2 (Fig. 5, A-D) , which were localized mainly in the proximal tubules of the outer medulla (6). Staining for both markers was higher in kidneys injected with bFGF (B and D) vs. kidneys injected with saline (A and C).
Similar patterns were observed with the tubular markers Lim-1 and Wnt-4; that is, both markers were highly expressed in NPXϩbFGF animals (3. (Fig. 6, A and B) .
BMP-7, a survival factor for undifferentiated mesenchyme (11) , is antagonized by Noggin (5, 50) and activates the transcription factors Smad 1 and 5 (24) . We evaluated the levels and localizations of proteins involved in this transcription pathway 35 days after NPX in kidneys treated with bFGF or saline. In NPXϩS kidneys, we observed lower levels of BMP-7 (Fig. 7A) , Noggin (Fig. 7B) , Smads 1-5-8 (Fig. 7C) , and Smad 4 ( Fig. 7D ) (0.83 Ϯ 0.09, 1.32 Ϯ 0.18, 1.14 Ϯ 0.08, and 0.72 Ϯ 0.16 DU, respectively). On the other hand, a significant increase (P Ͻ 0.05) in the levels of these proteins was detected in NPXϩbFGF (4.89 Ϯ 1.09 DU for BMP-7, 7.51 Ϯ 0.39 DU for Noggin, 9.85 Ϯ 0.70 DU for Smads 1-5-8, and 3.96 Ϯ 0.73 DU for Smad 4) compared with NPXϩS (P Ͻ 0.05) (Fig. 7, A-D) . These results were confirmed by IHC for BMP-7, Smads 1-5-8, and Smad 4. The remaining kidneys from NPX rats treated with saline (S) (Fig. 8, A, C , and E) showed less staining compared with kidneys injected with bFGF ( Fig. 8, B, D, and F) , which showed strong staining intensity. Staining for BMP-7 and Smad 4 was mainly localized in distal tubules, while expression for Smads 1-5-8 was localized in the proximal and distal tubules (Fig. 8) . Immunostaining controls were made by omitting the first antibody and replacing it with normal or preimmune serum from the same species (52), in which cases positive staining was not observed (data not shown). 
In situ cell death detection and caspase-3 immunohistochemistry.
TUNEL was used to detect DNA double-strand breaks. In control kidneys injected with saline, TUNEL staining was predominately localized in proximal tubule cells and some in collecting duct cells from the inner and outer medulla (Fig. 9A) . In addition, bFGFtreated kidneys did not show any reaction to the TUNEL assays (11.21/hpf) (Fig. 9C) . In animals injected with saline, a noticeable increase in signal, staining the whole nucleus, was observed 35 days after NPX (ϳ32.13/hpf) (Fig. 9A) . The majority of TUNELpositive cells exhibited morphological features of apoptotic death (cytoplasm shrinkage and nucleus condensation).
To verify whether this TUNEL-positive signal was due to apoptosis, we examined caspase-3 cleavage (activation) in NPX rat kidneys with and without bFGF. Caspase-3 immunostaining was observed to dramatically increase in the inner and outer medullary areas of kidneys injected with saline 35 days after NPX (34.11/hpf) (Fig. 9B) . The majority of caspase-3-positive cells had apoptotic morphology, and staining was predominantly present in proximal tubular cells and, to a lesser degree, in collecting duct cells. The correlation between caspase-3 and TUNEL was evident. Thus we determined a positive correlation (r: 0.62) between caspase-3 protein and TUNEL (P Ͻ 0.05). On the other hand, in the sample of bFGF-treated kidneys, cells showed low caspase-3 immunostaining (11.21/hpf) (Fig. 9D) .
Renal SC detection. The presence of the renal SC marker Oct-4 was evaluated 35 days after nephrectomy. IHC staining was not observed in NPXϩS animals ( Fig. 10A ; 0.4 Ϯ 0.1 m 2 ). In contrast, NPX animals injected with bFGF showed intense staining (6.40 Ϯ 0.51 m 2 ), primarily in the nuclei of tubular cells 35 days after nephrectomy (Fig. 10B) . This difference was significant (P Ͻ 0.05). Oct-4 expression evaluated by WB is presented in Fig. 10C , where NPXϩS animals are observed to present low Oct-4 expression (1.1 Ϯ 0.3 DU). NPXϩbFGF animals showed a significant increase (4.8 Ϯ 0.8 DU) compared with the NPXϩS group (P Ͻ 0.05). The ␣-tubulin total protein level was used for normalization.
To further verify the presence of stem cells in renal tissue after NPX, the presence of the marker CD73 was evaluated 35 days after nephrectomy. As observed for Oct-4, CD73 was not present in kidneys from NPXϩS animals (Fig. 11, A-C) . In contrast, CD73 not only was present in NPXϩbFGF animals but colocalized with Oct-4 as well (Fig. 11, D-F) .
DISCUSSION
Embryonic kidney development is characterized by undifferentiated cell proliferation and subsequent daughter cell differentiation into specific phenotypes (49) . This phenomenon is For VEGF and Tie-2, the secondary antibody was conjugated with alkaline phosphatase and developed with NBT:BCIP (blue reaction). Scale bar ϭ 100 m.
the consequence of sequential morphogenic expression that is involved in kidney fetal development. In previous reports, it has been observed that one morphogen, namely, bFGF, has a beneficial role in angiogenic factor expression (26, 27) and in myocardial infarction (46) . In addition, we have demonstrated that treatment with bFGF in ARF can induce the expression of repairing proteins and, consequently, early renal regeneration (48) . Studies in CKD have not addressed the potential role of morphogens in renal recovery. Therefore, in the present study we evaluated the effect of bFGF on CKD and its effect on the progression of this pathology.
We assessed the effects of bFGF 35 days after surgery, because the animals had developed all chronic renal failure markers by that time. Since we used a single bFGF injection during nephrectomy, it was possible to expect no effect after a month. Nevertheless, damage in the bFGF-injected kidneys C) ; n ϭ 7/group. The early epithelial proteins Pax-2 and bFGF were localized in the proximal tubular cells in the inner and outer medulla. Staining was done using peroxidase and was revealed with DAB (brown color reaction). Scale bar ϭ 100 m.
was significantly lower than what was observed in the salineinjected kidneys. This could be explained by the prolonged stability of the bound growth factor. The half-life of bFGF activity at 32°C is estimated to be 24 h (42), but bFGF binding to low-affinity receptors, which are present on the cell surface and in the basement membrane, is very stable in animal models. Indeed, in corneas with denuded epithelia, it has been shown that the bound growth factor remains biologically active at least 18 days after a single topical application (37) because, due to such binding, it is protected from proteolytic degradation (42) . The prolonged half-life of the bound bFGF justifies the use of bFGF in this context and may explain why one single application of bFGF at the beginning of the experiment was sufficient to enhance the survival of renal cells (39) .
Animals suffering from induced CKD, but treated with bFGF, did not show increases in serum creatinine levels (i.e., ED-1 and interstitial ␣-SMA) compared with nontreated animals. This suggests a reduction in renal damage or at least a delay in the progression of the disease. These results could be attributed to the role of bFGF, which can induce the expression of repairing proteins that reduce functional and morphological renal tissue damage (48) . In addition, it has been reported that bFGF can induce the proliferation of renal cells (48) , leading to higher quantities of functional glomeruli and tubular cells. In orchestration, these effects can contribute to decreasing the work overload of the remaining nephrons, thus allowing the kidneys to function better.
A transcription factor induced by hypoxia is HIF-1␣ (29). This factor is widely expressed in damaged tissue, including that found in ARF (40) , and has a protective role in ischemic kidney events. HIF-1␣ induction is an early event in the sequence of cellular changes following the interruption of blood flow (29) . It is likely to play an important role in subsequent reactions. The upregulation of HIF-1␣ has been involved in cell survival by inducing the angiogenic proteins VEGF and Tie-2 (7). Additionally, the overexpression of HIF-1␣ has been reported in CKD (16) .
In the present study, we observed that HIF-1␣ levels are higher when bFGF is exogenously added, despite the fact that kidneys were submitted to the same hypoxic event in both groups of animals. This suggests that bFGF could be participating in the regulation of HIF-1␣ expression, as previously reported (44) . Because we found HIF-1␣ expression in areas that also express angiogenic and epitheliogenic proteins, it is possible that HIF-1␣ may play an important role in cell death or survival decisions, hence inducing the cell to express morphogenic proteins. It is possible that the early presence of bFGF could harness the effects induced by HIF-1␣.
CKD has been tightly linked to tubular epithelial cell injury. However, important vascular elements are also involved, due to the damage induced in peritubular capillaries (32) . Considering these data, we analyzed the expression of the angiogenic factors VEGF and Tie-2. VEGF is essential for endothelial cell differentiation (i.e., vasculogenesis) and the sprouting of new capillaries from preexisting vessels (i.e., angiogenesis). Evidence has shown that VEGF is a factor that allows for the survival and proliferation of different cell types under extreme stress conditions (22) . In addition, the upregulation of VEGF by bFGF has been previously reported (36) . Another protein involved in kidney repair is the angiopoietin receptor Tie-2, since it plays an important role in the stabilization of vascular integrity (35) . In our study, bFGF induced higher expression levels of VEGF and Tie-2, suggesting a protective role, probably mediated by maintaining glomerular filtration barrier integrity in CKD.
In different damage conditions, adult renal cells have the capacity to reexpress some proteins that are originally found during kidney development. This is a phenomenon considered by some to be essential in renal recovery (48, 49) . Examples of these proteins are Pax-2, bFGF, Ncam, BMP-7, Lim-1, and Wnt-4 (19) . The results obtained in this study using a CKD model treated with bFGF are in accordance with data published recently regarding ARF, where reexpression of these factors was observed in direct relation to renal recovery (48, 49) . This observation supports the theory that adult renal cells might have the capacity to reexpress specific repairing proteins when treated with bFGF as a particular morphogen. The deceleration of the progression of the disease observed in this study, as observed based on relative decreases in structural and functional damage, can also be explained due to the fact that bFGF stimulates renal cells to render a nephrogenic process (28) . This induces an embryological environment, allowing the cells to dedifferentiate into mesenchymal states, thus reex- pressing the factors needed for regeneration (48) . A recent paper has suggested that Wnt-4 may be involved in the progression of renal fibrosis (10) instead of repair. We believe that the differences between that observation and ours can be attributed to the animal models used (mouse vs. rat, and transgenic vs. naive). In addition, timing and amount are two variables to be considered. In the repair process, morphogen levels are lower than in the state of chronic induction. These lower levels for a shorter period of time can stimulate renal cells to enter a proliferative stage and induce a microenvironment similar to the one described for embryonic kidney development limited in time. In contrast, morphogens can induce unregulated increases in myofibroblasts and fibrosis in a state of chronic induction. Additional studies are necessary to fill such gaps.
The BMP signaling pathway is mediated by Smad proteins in kidney development (53) . The spatial and temporal expression patterns of Smads have been described in mesenchymal cells of the nephrogenic zone during kidney development (53) , where Smads are downregulated once these cells begin to epithelialize. We observed Smads 1-5-8 (activated by BMP) and Smad 4 (a coactivator and mediator of signal transduction) being reexpressed after damage in kidneys treated with bFGF. The latter, together with the presence of nephrogenic proteins and the highest levels of Noggin and BMP, are in accordance to what has been reported previously (48) . Based on the observed patterns of expression, we speculate that one member of the Smad family, or a combination of more than one member, could play specific roles in regeneration during kidney damage and be involved in the nephrogenic process, thus repeating what takes place during kidney development.
The results obtained in this study regarding the effects of bFGF on renal injury are particularly important, because they add to previous reports that have shown beneficial roles for bFGF in the recovery from acute renal damage (48) . It has been suggested that bFGF can induce a number of tubulogenic/ epitheliogenic and angiogenic proteins, which in turn will be responsible for kidney regeneration (47, 48) . Additionally, it was proposed that the short-term injury produced in acute damage could be an advantageous stimulus to the induction of repairing proteins, and bFGF only enhanced this process (48) . These findings in CKD open the possibility that bFGF not only induces repairing proteins but also could be involved in maintaining a continuous effect on these proteins during injury (acute or chronic), allowing the kidneys to recover. A possibility that was not explored is this study is that bFGF was injected when the initial damaged occurred by nephrectomy. This could be considered to constitute acute damage at this stage. In this context, bFGF could only stop the damage progression, instead of allowing regeneration. Additional studies are necessary to respond to this question.
In uremic rats, a mild but significant increase in the renal SC marker Oct-4 (17) has been demonstrated after the injection of mesenchymal SC. This observation is consistent with our results regarding the reexpression of Oct-4 and could be explained in at least two ways. First, an induction of tubular and epithelial cells might take place to drive epithelial tissue to mesenchymal transition processes. Then, these mesenchymal cells could proliferate and differentiate, resulting in renal reparative phenomenon. Alternatively, Oct-4-positive cells could just be resident kidney SC, which under appropriate stimulation would proliferate and mediate kidney repair. In this regard, we must emphasize that these two pathways are not mutually exclusive, and that they both probably play a role in tissue regeneration. Further studies are needed to address this issue.
In conclusion, our results suggest that bFGF reduces the functional and morphological damage involved in CKD and induces the reexpression of nephrogenic/angiogenic factors and Oct-4, which are characteristic of embryological kidney development. This study opens new perspectives for future research on treatments, where the use of growth factors could reduce functional and structural damage in CKD. 
